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1991-7902/Copyrightª 2014, AssociatioAbstract Background/purpose: This study is aimed at detecting and quantifying monomers
from dental composite filling materials and investigating effects of the released monomers
in saliva malondialdehyde (MDA) levels and in two antioxidant enzyme levels after dental com-
posite filling materials were applied to healthy volunteers.
Materials and methods: Fifty-two individuals (32 female and 20 male) participated in the
research study. Saliva samples were collected in scheduled time intervals and MDA, superoxide
dismutase, and glutathione peroxidase levels were measured. In addition, saliva samples were
collected in order to quantify triethyleneglycol dimethacrylate, hydroxyethyl methacrylate,
bisphenol-A diglycidyl methacrylate, and urethane dimethacrylate using high-performance
liquid chromatography. Statistical analysis of obtained data was performed by repeated mea-
sures variance analysis. A P value <0.05 was considered as statistically significant.
Results: As a result of the statistical analysis, the MDA and glutathione peroxidase levels
measured at all time intervals were significantly higher when compared to the baseline levels
(P < 0.05). Superoxide dismutase values measured after 7 days showed a statistically signifi-
cant decrease (P < 0.001). The residual monomer levels showed a significant increase within
7 days, and the maximum amount of release was observed generally in the 7-day period, and
the release in monomers except for bisphenol-A diglycidyl methacrylate showed a significant
decrease in 30 days (P < 0.05).
Conclusion: Because of monomer release after the restoration process and also differences in
antioxidant enzyme activity, composite materials may lead to oxidative stress.
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In parallel with developments in adhesive technologies,
composite resins have been significantly improved
structurally and the use of these resins as an alterna-
tive to amalgam fillings has become widespread. Com-
posite resins generally include resin matrix, inorganic
fillings, and a bonding agent.1 Dimethacrylates such as
bisphenol-A diglycidyl methacrylate (Bis-GMA) and ure-
thane dimethacrylate (UDMA) are the most widely used
ingredients in the structure of the composite material.
Triethyleneglycol dimethacrylate (TEGDMA) is added as
a diluent to composite resins and is present in certain
bonding agents. Hydroxyethyl methacrylate (HEMA),
found in the bonding agents also functions as a diluent,
like TEGDMA.2 Even though the composite structure is
stable, it can be degraded due to its inadequate poly-
merization and the effect of oral fluids. As a result,
residual monomers, filler particles and other compo-
nents can be released into the oral environment. These
products pass into the saliva, contact with the mucosa,
and can even reach the dental pulp by way of dentin
tubules.3
Free radicals are fundamental to any biochemical
process and represent an essential part of aerobic life and
our metabolism. They are continuously produced by the
body’s normal use of oxygen such as respiration and some
cell-mediated immune functions. They are also found or
generated through environmental pollutants, cigarette
smoke, automobile exhaust fumes, radiation, air pollut-
ants, pesticides, etc.4 Naturally there is a dynamic bal-
ance between the amount of free-radicals generated in
the body and antioxidants. As a result of the increase in
free radicals or decrease in antioxidants, the balance
between free radicals and antioxidant defence system is
disturbed and this causes production of reactive oxygen
species (ROS), oxidative stress, and oxidative damage.
Free radicals cause metabolic and structural changes in
the cell by interacting with all classes of biomolecules
such as carbohydrates, lipids, proteins, and DNA as well as
all the cell components.4,5
The process of uncontrolled lipid peroxidation (LPO)
occurs as a result of the interaction of ROS with poly-
unsaturated fatty acids in cell membranes or lipopro-
teins. Malondialdehyde (MDA) is an indicator of LPO and
one of the final decomposition products of LPO, which
has numerous deleterious effects on biological systems.6
Antioxidants are present in all body fluids and tissues,
and protect against endogenously formed free radicals.
Antioxidant enzymes such as superoxide dismutase
(SOD) and glutathione peroxidase (GPx) provide pro-
tection within cells whereas low-molecular weight
scavenging antioxidants are present in extracellular
fluid.7,8
The present study aimed to detect and quantify
monomers from dental composite filling materials and
investigate effects of the released monomers in saliva
malondialdehyde (MDA) levels and in two antioxidant
enzyme levels after dental composite filling materials
were applied to healthy volunteers.Materials and methods
Participants
This study was conducted among patients admitted to the
Faculty of Dentistry at Atatu¨rk University, Erzurum, Turkey.
The study was granted ethical approval by the Institute of
Health Sciences at Atatu¨rk University and conducted in
accordance with the Declaration of Helsinki. Informed
consent was obtained for each of the participants prior to
the study. The selection criteria for the study samples
were: age 18e25 years; negative past medical history; not
currently taking any medications; not smoking; not using
alcohol; and no periodontal problems. A detailed exami-
nation of all teeth was carried out by a dental surgeon. The
decayed, missing, and filled teeth (DMFT) index, which is
based on the number of decayed, missing, and filled teeth,
was used to classify the risk group. This study consisted of
the participants with low caries (DMFT < 1) score.Clinical procedures
In total, 84 single-surface composite restorations were
conducted on 52 individuals (32 female and 20 male) in the
study. The composite material used for dental restorations
was Filtek Z250 (3M ESPE Dental Products, St Paul, MN, USA)
color A2, lot N152614. The composition of the composite
resin, as given by the manufacturer, was: TEGDMA 1e5%,
Bis-GMA 1e5%, ethoxylated bisphenol-A dimethacrylate
(Bis-EMA) 5e10%, and UDMA 5e10%. Single Bond adhesive
(3M ESPE Dental Products) was used as a bonding agent.
According to material safety data sheets, this contains Bis-
GMA 10e30%, HEMA 5e25%, and dimethacrylates 7e28%.
The etchant was 38% phosphoric acid (Scotchbond Etchant
gel; 3M ESPE Dental Products). All dental treatments were
performed at the same clinic by the same dentist. After the
cavity preparation, the teeth were isolated with cotton
tamponades and restored in the appropriate occlusal form
without using a bonding agent and by using dental com-
posite material (Filtek Z250; 3M ESPE Dental Products).
After obtaining the final restoration form, the filling ma-
terial was removed from the tooth by the help of an
excavator and was weighed by a sensitive scale (Denver
Instrument, Go¨ttingen, Germany). The comparison of
amount of released monomer was done by using weights of
the filling materials because the cavities were not the same
depth, teeth were structurally different sizes, and there
was more than one filling in some patients.9,10
The restorative material was applied according to the
manufacturer’s instructions to the cavities (Fig. 1AeC). The
composite filling material (Filtek Z250) was given an
anatomical form by placing into cavities not exceeding
2 mm in depth as one piece (bulk method) and polymerized
for 40 seconds by using a light source (Elipar Freelight II,
3M-ESPE Dental Products). The wavelength of the light
source was 430e480 nm and the light intensity was about
1200 mW/cm2. During the polymerization process, the tip
of the light source was kept as close as possible to the
restoration. The intensity of the light device was measured
Figure 1 Clinical application of restorative material. (A) Before treatment. (B) Tooth preparation. (C) After treatment.
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Dental, Ankara, Turkey). Finishing and polishing operations
were completed using discs (Sof-Lex; 3M ESPE Dental
Products).
Saliva sampling
Unstimulated whole saliva samples were collected from
individuals before the restoration and 1 hour, 1 day, 7 days,
and 30 days following the completion of the restoration.
Saliva samples were collected in separate tubes for deter-
mination of the amount of residual monomer within
scheduled time intervals following the restoration. For
saliva collection, participants were seated in a relaxed
position with the head bent forward to allow saliva to
accumulate anterior in the oral cavity. The participants
swallowed, then saliva was collected for 15 minutes in
eppendorf tubes. The participants had been instructed not
to eat or to drink (water was allowed) for the 2-hour period
prior to when the saliva sample was taken. Each specimen
was centrifuged at 1107 g for 10 minutes, and the super-
natant was used as saliva samples for the analysis of its
components. Samples were stored at 80C until analysis.
Assay of oxidative status parameters in saliva
samples
Assay of MDA levels
MDA levels were measured by the method of Jain et al,11
which is based on the reaction of MDA with thiobarbituric
acid to produce a complex that can be determined spec-
trophotometrically; 0.2 mL of samples were mixed thor-
oughly with 0.8 mL of phosphate buffered saline (pH 7.4)
and 0.025 mL of butylated hydroxytoluene solution (0.88%).
After the addition of 0.5 mL of 30% tricholoroacetic acid,
the samples were placed on ice for 2 hours and then
centrifuged at 2000g at 25C for 15 minutes. One mL of
supernatant was mixed with 0.075 mL of 0.1M EDTA and
0.25 mL of 1% thiobarbituric acid in 0.05N NaOH. The
samples were placed in boiling water for 15 minutes, cooled
to room temperature, and the absorbance was determined
at 532 nm.
Assay of GPx activity
GPx activity was measured according to Paglia and Valen-
tine.12 A total of 2.65 mL of 50 mM potassium phosphate
buffer (pH 7.0) including 5 mM EDTA, 100 mL of 150 mM GSH,
20 mL of 30 U/mL glutathione reductase, 20 mL of 0.12MNaN3, 100 mL of 8 mM NADPH, and 50 mL of saliva sample
were mixed together, and the tubes incubated for 30 mi-
nutes at 37C. The reaction was started by the addition of
100 mL of 2 mM H2O2 solution, mixed rapidly by inversion,
and the conversion of NADPH to NADP was measured
spectrophotometrically for 5 minutes at 340 nm. The
enzyme activity was expressed as U/L using an extinction
coefficient for NADPH at 340 nm of 6.22  106/M/cm.
Assay of SOD activity
SOD activity was measured using the method described by
Sun et al.13 A total of 2.45 mL of assay reagent [0.3 mM
xanthine, 0.6 mM Na2EDTA, 0.15 mM nitroblue tetrazolium
(NBT), 0.4 M Na2CO3, 1 g/L bovine serum albumin] was
combined with 0.5 mL of saliva sample. Xanthine oxidase
(50 mL, 167 U/L) was added to initiate the reaction and the
reduction of NBT using superoxide anion radicals, which are
produced by the xanthineexanthine oxidase system, was
determined by measuring the absorbance at 560 nm. Su-
peroxide dismutase activity was expressed as U/mL, where
1 U is defined as that amount of enzyme causing half-
maximal inhibition of NBT reduction.Determination of the amount of residual monomers
in saliva samples
Measurement of monomers was performed according to
Pelka et al14 and Moharamzadeh et al15 with some modifi-
cations. Standard stock solutions of Bis-GMA, TEGDMA,
UDMA, and HEMA were prepared in ethanol at 5.0 mg/mL.
The standard solutions in ethanol and water (75/25, v/v)
were prepared by diluting each stock solution. To obtain
the calibration curve, saliva working solutions were pre-
pared by spiking into drug-free saliva with different stan-
dard solutions, which were to give final concentrations of
0.1e10 mg/mL for Bis-GMA, TEGDMA, and UDMA and
4e20 mg/mL for HEMA.
The saliva samples stored at80C firstly were allowed to
warm to 20C then to room temperature and after 100 mL
of saliva sample was stirred, 900 mL of ethanolewater
(75/25, v/v) mixture was added on and incubated for 24
hours at 37C. After centrifugation at 1107 g for 15 minutes,
200 mL of supernatant was transferred to a clean vial.
The analysis of mentioned monomers was performed on
an high-performance liquid chromatography (HPLC) instru-
ment (1100 modular systems; Agilent, Stuttgart, Germany)
equipped with an Agilent Extend C18 analytical column
(250 mm  4.6 mm, 5 mm; Phenomenex Jupiter, Torrance,
CA, USA) and diode array detector. A gradient elution was
Figure 2 Changes in malondialdehyde levels at different
time periods.
Composite materials and oxidative stress 397performed by varying the proportion of solvents A (90%
water, 9.8% acetonitrile, and 2% tetrahydrofurane with
25 mM KH2PO4 pH 3), B (75% acetonitrile and 25% water), C
(80% methanol and 20% water), and D (10% acetonitrile and
90% water) with a flow rate of 1 mL/minute. The mobile
phase composition started at 100% solvent A for 5 minutes,
followed by a linear increase of solvent B to 100% in 0.5
minutes; 100% solvent B for 2.5 minutes, followed by a
linear increase of solvent C to 100% in 0.5 minutes, 100%
solvent C for 2 minutes, and then 100% D continued until
the end of the analysis. The detector was adjusted to make
measurements with a wavelength of 203 nm at 0e5 mi-
nutes, 208 nm at 5e7.5 minutes, 225 nm at 8e10 minutes,
and 210 nm after 10 minutes. The obtained solutions were
added into the system with an injection volume of 25 mL.
HPLC equipment gave us the concentrations of the samples
according to the peak areas in parallel with the staying time
of the monomers in the column and amount of the mono-
mers (Bis-GMA, TEGDMA, UDMA, and HEMA) in saliva was
calculated directly from the standard calibration curve.
Statistical analysis
Statistical analysis was performed using the SPSS software
(version 17.0, SPSS Inc., Chicago, IL, USA). Repeated mea-
sures analysis of variance was used in the assessment of the
oxidative status and the amount of monomer according to
the time and in the case of differences the Bonferroni test
was applied to discover the source. The correlation analysis
(Pearson’s Correlation Analysis) was also used to examine
the association between the features. A P value <0.05 was
considered as statistically significant.Results
The findings and the statistical results are given in Table 1.
As a result of the statistical analysis, the MDA levels
measured in all time intervals were found to be significantly
higher (P < 0.05) when compared to the baseline levels.
However, the difference between MDA levels was not foundTable 1 Mean ± standard deviation values of malondialdehyde
(SOD) and monomers of triethyleneglycol dimethacrylate (TEGDM
methacrylate (Bis-GMA), and urethane dimethacrylate (UDMA) qu
houre30 days; n Z 52).
MDA (mM) GPx (U/L) SOD (U/mL) TEG
(mg
Baseline 5.06  2.78a 10.10  5.97a 7.18  5.76a
1 hour after
treatment
7.46  4.24b 29.34  11.50b 5.78  4.04a 0.9
1 day after
treatment
10.54  7.57bc 21.61  8.62c 5.87  2.76a 1.5
7 days after
treatment
13.59  7.63c 31.48  15.46b 2.37  0.73b 5.5
30 days after
treatment
13.22  2.62c 32.28  20.18b 2.62  0.94b 3.5
Different superscript letters in the same column represent significa
oxidative parameter.to be statistically significant among 1 day, 7 days, and 30
days (P > 0.05; Table 1; Fig. 2). As a result of the analysis
performed for GPx, there was a statistically significant
difference between GPx values measured baseline and 1
day after the restoration and all time intervals (P < 0.05;
Table 1; Fig. 3). SOD values measured after 7 days showed a
statistically significant decrease (P < 0.001). In addition, no
statistically significant difference was found between the
measured values 7 days and 30 days after the restoration
(P > 0.05; Table 1; Fig. 4).
The retention times in the analytical column of the HPLC
instrument of TEGDMA, HEMA, Bis-GMA, and UDMA mono-
mer standard substances were designated as 4.575 minutes,
6.064 minutes, 9.838 minutes, and 12.758 minutes,
respectively. In this study, the amount of monomers
released into saliva showed a statistically significant in-
crease within 7 days, and the maximum amount of release
was observed generally in the 7-day period, and the release
in monomers except for Bis-GMA showed a significant
decrease in 30 days (P < 0.05). When the monomers
detected in saliva samples were compared in terms of(MDA), glutathione peroxidase (GPx), superoxide dismutase
A), hydroxyethyl methacrylate (HEMA), bisphenol-A diglycidyl
antified in saliva samples at baseline and after treatment (1
DMA
/mL)
HEMA
(mg/mL)
Bis-GMA
(mg/mL)
UDMA
(mg/mL)
P
0.001
0  0.40a 5.11  1.69a 0.34  0.24a 3.36  1.35a 0.001
4  1.51b 12.06  6.66b 0.49  0.25b 3.76  0.92a 0.001
9  2.52c 19.60  6.46c 1.17  0.65c 6.00  1.33b 0.001
8  2.37d 8.30  2.90d 1.04  0.38c 3.58  1.08a 0.001
nt differences among the time intervals for each monomer or
Figure 3 Changes in glutathione peroxidase levels at
different time periods.
398 P. Gul et alquantity it was observed that HEMA monomers had the
highest rate of release, whereas the monomer with the
lowest rate of release was Bis-GMA (Table 1).
When the relationship between monomers released from
filling materials and oxidative status parameters were
examined in general, significant correlations between these
variables were determined (P < 0.05). The amount of re-
sidual monomers have shown a positive correlation with
MDA and GPx (P < 0.05), and has shown a negative corre-
lation with SOD (P < 0.001). In addition, the correlation
analysis did not show a significant relationship between
released monomers and filling weights (P > 0.05).Discussion
In this study, monomers released into saliva subsequent to
an application of composite filling material were measured
within certain time intervals, and the salivary MDA and
some antioxidant enzyme levels were also evaluated.
Within our searching, there is no study examining the effectFigure 4 Changes in superoxide dismutase levels at different
time periods.of composite filling materials on salivary antioxidant system
in the literature.
Resin-based materials can be polymerized chemically or
by visible light. It is known that all monomers in the com-
posite materials do not turn into polymers during the
particularly incomplete polymerization and residual
monomers are released into the environment immediately
after polymerization. The incomplete polymerization de-
teriorates the mechanical property of resin and also causes
monomer release.3,16
The analysis of monomers released from the composite
filling material was performed using the widely used
methods of liquid chromatography. Several researchers in
dentistry have performed analytical measurements using
HPLC for particularly determining the amount of residual
monomer released from materials and they showed that the
results obtained by liquid chromatography is a reliable
method in the determination of the release from
materials.16e18
In this study, it was observed that HEMA monomers had
the highest rate of release, whereas the monomer with the
lowest rate of release was Bis-GMA (Table 1). It is thought
that monomer molecules can diffuse more easily when
compared to larger and more complex molecules
throughout polymer network due to their small and flexible
structures and having polar ends and more flexible and
smaller suspended groups.19 Therefore, TEGDMA is speci-
fied as the most frequent releasing monomer among com-
posite materials due to its monomer molecular structure
and high solubility. Compared to TEGDMA, however, Bis-
GMA monomer is reported to be less soluble due to its hy-
drophobic nature and reduced diffusion to the liquid envi-
ronment.3 This indicates that TEGDMA and HEMA monomers
are released at a higher rate and in a more rapid manner
than Bis-GMA. In addition, excessive amounts of HEMA may
have been caused by the bonding agent (Single Bond, 3M
ESPE Dental Products), which mainly includes HEMA, and it
might infiltrate into the saliva.
Release of resin-based material components occurs by
two mechanisms. Firstly, monomers that remain unpoly-
merized are released into the oral environment in the first
24 hours especially during the polymerization by saliva or
by the effect of dietary intake of fluids. Secondly, erosion
and deterioration of the restorative material caused by
photothermal, mechanical or chemical effects in the oral
environment over time leads to the release of the sub-
stances in the material.3,20 Mair21 identified that temper-
ature changes that occur at 6e60C in the oral environment
increase the number and depth of microcracks on com-
posites. This leads to a deeper diffusion of liquids in the
mouth and ultimately faster deterioration of restoration.
This may explain that the monomers release in a higher
amount and a longer time in this study.
Studies on composite resins have revealed that these
materials should be questioned in terms of biocompatibility
because of the effects caused by the long-term released
monomers following the deterioration and erosion of the
restorative material after a short period of time of poly-
merization. The studies have shown that these monomers
have positive effects on bacterial growth and cause gluta-
thione depletion which is a key factor in the pulp or
gingival cell apoptosis in molecular basis and production of
Composite materials and oxidative stress 399ROS and also they cause a variety of allergic reactions.
Despite all these efforts there is still a large distinction
between laboratory studies and clinical reports.22e25 It has
been known for more than 10 years that resin-based ma-
terials are cytotoxic regardless of the differences in the
methods used. The studies on cell cultures have revealed
that monomers released from resin-based material
generate ROS and therefore affect the redox balance in the
cell.26e28
Lipid peroxidation causes oxidation of polyunsaturated
fatty acids in membrane phospholipids and thus changes
the structure of lipid membrane thereby disrupting cell
structure and function.29 Many products, including primar-
ily aldehydes are created as a result of lipid peroxidation
reactions. One of the last products is its MDA molecule used
in oxidative stress measurements.30 It is clearly seen that
monomers released from resin-based materials can cause
oxidative stress when all of these negative effects are
taken into consideration. Therefore, the amount of MDA
molecule that is commonly used in oxidative stress mea-
surements was investigated in the present study. In vitro
studies have shown that levels of intracellular ROS (H2O2,
superoxide anion, and hydroxyl radical) increase when
exposed to TEGDMA, HEMA, or other substances released
from composite resins.24,31 In this study, it was detected
that all monomers were released throughout the 30 days
when the amount of measured monomers were examined
during the follow-up period. Likewise, a determined in-
crease in the level of MDA, which is an important indicator
of oxidative stress, and changes in antioxidant enzyme
levels of SOD and GPx suggest that these monomers may
cause oxidative stress.
In conclusion, in this study, it has been determined that
composite restorations release residual monomer at
different concentration in the saliva. The increase in MDA
amount measured during follow-up and changes in the level
of antioxidant enzymes indicates an oxidative stress is
occurring after the application of composite restorations
and this may be caused by the residual monomers released
into saliva. Clearly, more studies are needed to address the
importance of this subject.Conflicts of interest
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